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WINDS ARE NOISY... 


in the inaudible range 


@ A direct relation between high-velocity winds 
and infrasonic noise in the atmosphere has been found 
at the NBS Institute for Basic Standards. In this work, 
Howard S. Bowman of the NBS acoustics laboratory 
compared local wind velocities measured by the U.S. 
Weather Bureau with infrasonic noise measurements 
made at NBS over the same time intervals. The com- 
parisons showed that large changes in wind direction 
or peak wind gusts accompanied high infrasonic noise 
levels, thus indicating noisy winds even in the inaudible 
range. 

These results are of particular interest to investigators 
studying the origin and direction of travel of low-fre- 
quency infrasonic signals as they are propagated 
through the earth’s atmosphere. Such signals, gen- 
erated by natural phenomena like volcanoes and earth- 
quakes, are detected on sensitive instruments located 
vast distances away from the origin of the phenomena. 
Background noise, however, apparently caused by local 
disturbances, sometimes distorts or interferes with the 
measurements thus obtained. 
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The present study shows that this background noise 
is due to high-velocity winds in the vicinity of the meas- 
urement equipment. Hence, areas having a low prob- 
ability of high winds should be designated for future 
infrasonic experimental sites. The study also demon- 
strates the need for improved wind filters on present 
infrasonic instruments to eliminate wind noise when 
high winds do occur. 


Left: Infrasonic noise power levels as a function of extremes 
of wind velocities for several months. The numbers inside the 
circles correspond to the months, and the arrows show wind 
direction. Data inside the dashed lines are associated with 
minimum noise power levels and wind velocities. The vertical 
lines encompass a region of poorly correlated data. Above 
25 knots, however, the data show a linear relationship. Right: 
Infrasonic noise data obtained locally by NBS over a period 
of nine hours are compared with U.S. Weather Bureau wind 
data derived for the same period. The comparison shows that 
noise power levels, obtained by a technique devised by Howard 
S. Bownfan, and wind velocities rise simultaneously. 
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FROST 
IS 
FINGERPRINTED 


@ Graphic “fingerprints” of water frost and 
of carbon dioxide “frost” have been obtained in recent 
measurements at the NBS Institute for Basic Standards. 
The work was undertaken by H. J. Keegan and V. R. 
Weidner of the NBS staff to aid studies of the Venus 
cloud cover, which may be composed of crystals of 
one or of both of these substances.1 The Advanced Re- 
search Projects Agency of the Department of Defense 
and the Goddard Space Flight Center of the National 
Aeronautics and Space Administration sponsored the 
research. 

The fingerprints—clear patterns of the light-reflecting 
and absorbing properties of the two types of frost at 
wavelengths in the infrared region of the spectrum— 
will be checked against infrared spectra to be obtained 
from Venus in future space probes. They may also aid 
in climatic studies of the planet. For example, it is not 
now known why the clouds surrounding Venus appar- 
ently remain at the same temperature, both on the 
bright side of the cloud cover reflecting the sun’s rays, 
and on the dark side away from these rays. 

To achieve accurate measurements, the investigators 
used a special reflectance attachment on a high-resolu- 
tion spectrophotometer.* The attachment excluded the 
radiant energy emitted by the specimens. The inclu- 
sion of such emission, which only affects spectrophoto- 
metric measurements in the infrared, would have dis- 
torted experimental results. 

Four types of specimens were investigated: (1) Frost 
collected from atmospheric water vapor on a super- 
cooled base; (2) water at room temperature—for com- 
parison purposes; (3) carbon dioxide frost formed on 
a supercooled base in a closed container of evaporating 
solid carbon dioxide; and (4) crushed commercial 
“dry ice,” i.e., solid carbon dioxide. 

The method of specimen preparation did not rule 
out contamination of the water frost with the carbon 
dioxide frost, and vice versa; however, no common 
features were found in the resulting spectra of the vari- 
ous types of specimens. It therefore appears that the 





(continued on p. 22) 


Top: Infrared spectral reflectance (2.5 to 22.2 microns) of 
water frost (solid curve) at the boiling point of nitrogen 
(—196 °C). Also shown (dotted line) is the reflectance of 
distilled water at room temperature. Center: Reflectance of 
carbon dioxide frost at a temperature of —196 °C. Bottom: 
Reflectance of crushed “dry ice” obtained at a temperature of 
—78 °C (the sublimation temperature of carbon dioxide). 
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assessing durability of 


PLASTIC ROOFS 


@ In recent years a large number of flexible 
roof coverings have been developed from polymers and 
synthetic rubbers. These coverings are lightweight, 
highly elastic, highly reflective, and easily cleaned of 
radioactive fallout. They are used mainly where more 
conventional roofing materials may not be able to per- 
form, as on roofs of unusual contour. Considerable 
interest is being shown in the properties of these new 
materials, especially their durability. As roofs are 
directly exposed to solar radiation, their resistance to 
photo-oxidation, a measure of their durability, is of 
prime concern. 

Recently, a study was initiated at the NBS Institute 
for Applied Tec hnology to determine the photo-oxida- 
tion resistance of some plastics and to investigate the 
usefulness of a recently developed colorimetric method 
of measuring photochemical degradation of polyesters. 
The results of this study by K. G. Martin* indicate that 
the colorimetric method studied should be a valuable 
means of rapidly assessing the relative stability of 
polymeric coatings exposed to sunlight. 

The colorimetric method is based on the reaction 
of N, N-dimethyl-p-phenylenediame (DMPDA) with 
the photo-oxidation products that form on the surface 
of a wide range of plastics. By determining the 
amount of DMPDA that reacts with these products, the 
degree of photo-oxidation of the plastic can be assessed. 
This method is more sensitive than methods that in- 
volve the complete specimen, as both photo-oxidation 
and the DMPDA reaction are surface reactions only. 


Flexible plastic roofing was used on the terminal building at 
Dulles International Airport (Chantilly, Va.) as conventional 
materials would not withstand the expected large roof move- 
ments (about 8 in.) 
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Seven commercial coatings—five liquid-applied coat- 
ings and two prefabricated sheets—were examined. 
The sheets were poly(vinyl-chloride) (PVC) and 
poly(vinyl-fluoride) (PVF); the liquids were acrylic 
emulsion (Ac), butyl-rubber emulsion (BR), chloro- 
sulfonated polyethylene solution (CSP), poly(vinyl- 
chloride-acetate) solution (PVCA), and silicone-rubber 
solution (SR). Of these, BR, PVC, and PVCA were 
not specifically formulated for roofing use. 

The liquid-applied materials were cured on glass 
strips into specimens 0.005- to 0.007-in. thick. Sheets 
of PVC and PVF, respectively 0.100-in. and 0.002-in. 
thick, were mounted on glass strips, also. Samples of 
each plastic were exposed to solar and carbon-arc 
radiation. 

In the colorimetric method, a known amount of 
DMPDA in a benezene-methanol solution is placed in 
a container with the plastic specimen. The container 
is shaken for two hours, after which the specimen is 
removed. 

During shaking, the DMPDA reacts with the plastic, 
changing the color of both the plastic and the solution. 
The irradiated specimens produce greater color changes 
than the unexposed specimens, with the colors ranging 
from yellow to brown to greenish brown. 

Three techniques of judging the extent of the 
DMPDA reaction with a photo-oxidized plastic were 
found to be useful: (1) Determination of the amount 
of DMPDA reacted, (2) measurement of the DMPDA 
reagent solution color, and (3) measurement of speci- 
men surface darkening. 

*Present address: Division of Building Research, 


Commonwealth Scientific Industrial Research Organi- 
zation, Highett, Victoria, Australia. 
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The progressive photo-oxidation of plastic roof coverings ex- 
posed to sunlight was determined three ways: (a) [top] 
darkening (—AL) of the specimen surface, (b) [center] 
change in absorbance (AA)of the reagent solution at 410 
mu and (c) [bottom] the amount of DMPDA that reacted with 
the exposed surface. The specimens were exposed to natural 
weathering conditions atop a building at the Bureau in Wash- 
ington, D.C. 


Frost is fingerprinted—Con. 


samples were essentially uncontaminated. Moreover, 
the spectra of both the carbon dioxide frost and of the 
crushed dry ice were strikingly similar at all significant 
wavelengths. 

The study was carried out for Prof. John D. Strong 
of the Johns Hopkins University’s astrophysics labora- 
tory. Prof. Strong recently reported on measurements 
of the spectral reflectance of Venus obtained across part 
of the infrared from balloon-telescope flights in 1964.° 
He applied laboratory corrections for absorption by 
residual water and carbon dioxide vapor in the upper 
atmosphere of Venus to these measurements. From the 
results, he concludes that the planet’s clouds are com- 
posed of ice crystals. 
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In the first technique, samples of the reagent solu- 
tion are diluted in methanol and a buffer, and treated 


with benzoyl peroxide. The peroxide oxidizes any 
unreacted DMPDA, causing the diluted solution to turn 
pink incloor. The intensity of this color, determined by 
the absorbance at 520 nm, indicates the amount of 
DMPDA that was left in solution. The difference be- 
tween the known amount of DMPDA originally in the 
solution and that left in solution is the amount that 
reacted with the plastic. 

In the second technique, the change in the absorbance 
at 410 nm of undiluted samples of the DMPDA reagent 
solution is measured. This indicates the amount of 
photo-oxidation products that dissolved in solution and 
reacted with the DMPDA. 

In the third technique, color measurements with a 
tristimulus differential colorimeter are made of the 
specimens in three conditions of exposure and DMPDA 
treatment: (1) unexposed and untreated, (2) unex- 
posed and treated, and (3) exposed and treated. The 
first condition gives a base value for comparison with 
the others. The difference between conditions (1) and 
(2), if any, is subtracted from the difference between 
(1) and (3) to show the effect of exposure alone. Aver- 
age values of darkening were calculated and show a 
direct relationship to exposure time. 

The three techniques showed good agreement in 
ranking the plastics as to degree of photo-oxidation. 
Assessment of the DMPDA reaction generally agreed 
with the amount of darkening caused by exposure. The 
seven roofing materials examined were generally rated 
in order of durability as follows, beginning with the 


least stable: PVCA, PVC, CSP, BR, Ac, SR, and PVF. 


Water frost data obtained in the present study con- 
firm Prof. Strong’s laboratory findings, although not 
in complete detail. The NBS measurements, however, 
on both water frost and solid carbon dioxide were made 
over a much larger infrared region than were Prof. 
Strong’s measurements. They therefore supply a basis 
for more extended checks of the composition of the 
Venus cloud cover in future probes. 


‘For further details, see Infrared spectral reflectance 
of frost, by H. J. Keegan and V. R. Weidner, J. Opt. 
Soc. Am. 56 (1966). 

*New method for measuring diffuse reflectance in the 
infrared, by J. U. White, J. Opt. Soc. Am. 54, 1332-1337 
(1964). 

*Composition of venus clouds and implications for 
atmospheric models, by Bottema, Plummer, Strong, and 
Zander, J. Geophys. Res., 70, 4401-4402 (1965). 
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new energy states in 





MOLECULAR OXYGEN 


@ New energy states in neutral oxygen, higher 
in energy than any previously reported for this mole- 
cule, have recently been observed ' by Keith Codling 
and R. P. Madden of the NBS Institute for Basic Stand- 
ards in werk partly supported by the National Aero- 
nautics and Space Administration. These new energy 
states form Rydberg series that lie in an energy range 
around 25 eV, a range of particular importance in 
plasma physics, atmospheric physics, and astrophysics. 
Their discovery provides information of value in the 
understanding of molecular structure. 

The new states undergo autoionization—a_ process 
which may occur when an atom is excited to a state 
above its first ionization threshold. This is accom- 
plished by excitation of an electron occupying an inner 
shell, as in the present case, or by double-electron ex- 
citation, i.e., the simultaneous excitation of two of the 
atom’s outer shell electrons. These excited states in 
the continuum (region above the ionization threshold). 
however, are very unstable (with typical lifetimes of 


The absorption spectrum of neutral oxygen in the 500-625 A 


region, showing four Rydberg series. As the photograph is a 
positive print, black denotes absorption. Note the white fea- 
tures resembling broad emission lines. These actually are 


discrete lacks of absorption. Lines below the print show the 
position of series components. 
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10-'’ sec) ; this fact is reflected in the relatively broad 
structures observed. 

The interaction of these high-lying states with ad- 
jacent continua may produce “resonances” with very 
unusual shapes. Depending upon the interaction, one 
may even observe absorption features which appear as 
if they were emission lines. These are referred to as 
“window-type” resonances, since they in fact involve 
discrete lacks of absorption at certain points in a con- 
tinuous spectrum. The existence of these resonances of 
such unusual profile has been something of a mystery 
in the past. However, scientists are now able, in a 
qualitative way, to understand them. 

The astrophysical importance of the autoionization 
process has only quite recently been appreciated. For 
instance, consideration of this mechanism may have a 
profound effect on the interpretation of spectra ob- 
tained from the sun’s lower chromosphere. Also, lab- 
oratory observation of autoionized states in the extreme 
ultraviolet region will be of use in analyzing spectra 
obtained in the future from astronomical sources such 
as the outer (cooler) portions of nearby stars or from 
comet tails. 

In the present work,' a 3-m grazing incidence spectro- 
graph, with a 600-line/mm grating and a spectral slit 
width of about 0.06 A, was used. The background 
source was the “light” radiated by the accelerating 
electrons in the NBS 180-MeV synchrotron. This ra- 
diation is continuous in wavelength, and for the NBS 
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Left: Energy level diagram of the O*, molecule, showing the new transitions. Right: 
Apparatus used to observe new energy states in neutral oxygen, above 20 eV. R. P. 
Madden (left) adjusts the automatic pressure controller on advice from Keith 
Codling, who has just read the pressure gage that connects directly with the inter- 3 
action chamber. After the pressure has reached equilibrium, the synchrotron is 
operated remotely. At upper right under the dark cover is the 3-m vacuum 


spectrograph. 


machine is usable down to below 100 A. With this 
unique source, previously unobserved states of neutral 
oxygen have been detected. These neutral states form 
Rydberg series which converge, in the limit, to a state 
in Oz*, where the excited electron is completely removed. 
The convergence limit allows the energy of this state 
of O.*, to be determined quite accurately. The exist- 
ence of this state at 24.56 eV, first suggested by Le- 
blanc,* has been in some doubt, but the present work 
definitely confirms that there is indeed a state of O,° 
at this energy. 

This work is part of a larger coordinated program 
of research at NBS * which has yielded important new 
information on the energy states of atoms and mole- 
cules in the so-called “intermediate” energy range- 
that is, in the energy range from 10-1000 eV. The 
NBS synchrotron, which is at present one of the most 
important sources of pure continuum in the energy 
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range above 20 eV, has been used to observe many new 
“resonances” in photoionization continua of various 
atoms and molecules. Relevant theory has also been 
worked out by NBS theoreticians.” 


‘For further technical details see, New Rydberg series 
in molecular oxygen near 500 A, by K. Codling and 
R. P. Madden, J. Chem. Phys. 42, 3935 (1965). 

* Characteristics of the “synchrotron light” from the 
NBS 180 MeV machine, K. Codling and R. P. Madden, 
J. Appl. Phys. 36, 380 (1965). 

Electronic states of Hopfield’s oxygen emission bands, 
by F. J. Leblanc, J. Chem. Phys. 38, 487 (1963). 

"NBS develops new tool for exploring atomic struc- 
ture, NBS Tech. News Bull. 48, 4 (1964). 

° Effects of configuration interaction on intensities and 
phase shifts, by U. Fano, Phys. Rev. 124, 1866 (1961). 
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Standard 


Isotopic reference standards 


Four isotopic reference standards are now available 
from the NBS Office of Standard Reference Materials. 
They are sodium chloride No. 975 for chlorine, copper 
metal No. 976 for copper, sodium bromide No. 977 for 
bromine, and silver nitrate No. 978 for silver.' These 
standards are natural-ratio materials which may serve 
as reference ratios for investigators looking for small 
variations in the isotopic composition of the elements. 
They will also be useful in the measurement of mass- 
discrimination effects encountered in the operation of 
mass spectrometers. 

The isotopic compositions of these standards were 
determined * by triple filament mass spectrometry by 
comparing them to mixtures prepared from high pur- 
ity isotopes. Overall limits of error are based on 95 
percent confidence limits for the mean and on allow- 
ances for the effects of known sources of possible sys- 
tematic error. Each standard is certified for isotopic 
composition and costs $20.00 for a 0.25 g unit. 


TABLE 1. NBS Isotopic Standards 


Standard/Ele- 
ment 
No. 975, Absolute abundance ratio, Cl 35/Cl 37_. +0. 0079 
Chlorine. | 3.1272 —0. 0082 
Chlorine 35, atom percent... __...__.-- +0. 044 
75.770 —0. 046 
Chlorine 37, atom percent........._..-- | +0. 046 


| 24.229 —0. 044 
No. 976, Copper.| Absolute abundance ratio, Cu 63/Cu | 2.2440 +0. 0021 
65 


Copper 63, atom percent. __...........| 69.174 +0.020 
Copper 65, atom percent... _-..--..-.-| 30.826 +0.020 

No. 977, Absolute abundance ratio, Br 79/Br81_| 1. 02784+0. 00105 
Bromine. Bromine 79, atom percent__...-.....--| 50.686 +0. 025 
Bromine 81, atom percent. -_---------- 49.314 +0.025 


No. 978, Silver_.| Absolute abundance ratio, Ag 107/Ag 
109. 

Silver 107, atom percent._--..-_- 

Silver 109, atom percent__-___- 


1. 07597+0. 00135 





-.---| 51.830 +0. 052 
panda 48.170 +0. 052 








List of available radioactive standards amended 


Three point-source gamma-ray standards have been 
prepared to replace out-of-stock standards. NBS 
Standard No. 4992-C, zinc 65, costing $50 per sample, 
replaces No. 4992-B. NBS Standard No. 4998-C, 
yttrium 88, costing $53 per sample, replaces No. 
4998-B. NBS Standard No. 4999-C, cerium 139, cost- 
ing $58 per sample, replaces No. 4999-B. 

In addition, NBS Standard No. 4964—B, a radium 
gamma-ray solution, replaces No. 4964. This stand- 
ard has a radium content of 100 ng (1965) in a 5 g 
solution and costs $43 per sample. The price of each 
of the other radium gamma-ray solution standards, 
Nos. 4955, 4956, 4957, 4958, 4959, 4960, 4961, 4962, 
and. 4963, has been increased to $34 per sample. 
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Materials 


Three radioactivity standards are temporarily out of 
stock: (1) NBS No. 4932, mercury 203, (2) NBS No. 
4944, iodine 125, and (3) NBS No. 4946, cerium 141. 
Also NBS Standard No. 4941, cobalt 57, has been dis- 


continued, as cobalt 57 is now commercially available. 


Thermal Emittance (Emissivity) Standards 


Thermal emittance (emissivity) standards are re- 
quired by the aerospace industry to obtain valid emit- 
tance data on structural materials used in aircraft and 
missiles. Disagreement on the reliability of such data 
hampers vehicle designers in estimating important 
parameters such as surface temperatures. 

To meet the needs of industry, the NBS Office of 
Standard Reference Materials has recently made avail- 
able 25 thermal emittance standards.'' These stand- 
ards have been prepared for use at three levels of 
emittance from three alloys: (1) polished platinum-13 
percent rhodium, 0.035 in. thick, for low emittance 
(below 0.3), (2) sandblasted and oxidized Kanthal 
(an iron, chromium, aluminum alloy), 0,040 in. thick, 
for intermediate emittance (0.5 to 0.75), and (3) sand- 
blasted and oxidized Inconel (a nickel, chromium, iron 
alloy), 0.055 in. thick, for high emittance (0.75 and 
above). 

Similar standards were previously available as work- 
ing standards from the Bureau’s Building Research 
Division.*. The Inconel and Kanthal standards now 
issued are certified for normal spectral emittance at 
800, 1100, and 1300 °K, and the platinum-13 percent 
rhodium standards are certified at 800, 1100, 1400, 
and 1600 °K. Each alloy is available in the following 
shapes and sizes: disks (diameter in inches) 14, 7, 
1, 144, and 114; squares 2 X 2 in.; and strips 1 < 10 
in. and 34 X 10 in. Kanthal is also available in a 
strip 44 X 8 in. The Kanthal and Inconel standards, 
numbered according to size from 1420 to 1428 and 
from 1440 to 1447, respectively, costs $175 each. The 
platinum standards are numbered from 1402 to 1409 
and cost, respectively, $175, 185, 200, 235, 250, 385, 
750, and 600. 


*These standards may be ordered from the Office of 
Standard Reference Materials, National Bureau of Stand- 
ards, Washington, D.C., 20234. For a list of NBS stand- 
ard materials, see Standard Reference Materials: catalog 
and price list of standard materials issued by the Na- 
tional Bureau of Standards, NBS Misc. Publ. 260, avail- 
able from the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C., 20402, 
for 45 cents. 

* Atomic weights redetermined by mass spectrometry, 


NBS Tech. News Bull. 49, No. 5, p. 74 (May 1965). 


For additional information, see NBS develops meth- 
ods for determining thermal radiation properties of 
materials, NBS Tech. News Bull. 47, No. 10, p. 185-187 
(October 1963). 


@ The Research Associate Plan of the Bureau 
offers a valuable means for Government—industry co- 
operation. Under this plan, industrial groups sponsor 
research at the Bureau which is of special interest to 
them and yet has public significance. Experiments are 
carried out by Research Associates who are paid by 
their sponsors but who work in Bureau laboratories 
with the Bureau staff. The knowledge and skills thus 
derived by Research Associates are expected to ad- 
vance the nation’s economy and to increase utilization 
of NBS research results. 

New emphasis has recently been placed on the Re- 
search Associate Plan to make the unique facilities of 
the Bureau more available to industry and commerce. 
In this way, wider use may be made of NBS instru- 
mentation and of the measurement techniques that have 
been acquired by the NBS staff. The Research As- 
sociates contribute their industrial experience and their 
knowledge of urgent industrial needs to the success 
of the plan. 

Robert L. Stern, head of the NBS Office of Industrial 
Services, is in charge of the expanding program. He 
arranges meetings between potential sponsors and NBS 
scientists to determine where a joint effort can solve a 
technological problem of special importance. Once the 
problem has been clearly defined, an agreement is en- 
tered into outlining the scope of the work and the way 
in which it is to be carried out. The results achieved 
through the combined efforts are made available 
through publication. 

The work of Research Associates is not directed to 
proprietary solutions. Instead, it is aimed at remov- 
ing obstacles to the use of measurement for achieving 
high precision. Such obstacles may arise from a lack of 
sound data or instrumentation, or from a lack of criteria 
or of appropriate techniques. 


Space Fuels 


As a result of the expanded plan, several specialists 
have joined the NBS staff. Most recent is Dale R. 
Nielsen, an Aerojet General Corp. engineer, who is now 
working in the NBS cyrogenics laboratory in Boulder, 
Colo. Mr. Nielsen is studying the behavior of low- 
temperature fuels in flow such as liquid hydrogen and 
nitrogen that are used in spacecraft. The findings of 
this study will aid in the design of fluid handling by 
pumps, which are now compromised by cavitation 
problems.' 


Laser Research 


Among areas in which the Bureau has pioneered 
in recent years is in the use of lasers for length meas- 
urements.” Instrument companies are interested in this 
development since it has potential applications in tool 
engineering. To aid in solving problems such as time 
instability in laser emission, Dr. Richard Zipin of the 
Sheffield Corp., has recently joined the NBS metrology 
laboratory as a Research Associate. The results of his 
work may point the way to the industrial use of laser- 
equipped instruments for making machine tools. 
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Research on Construction Materials 


Two industrial chemists have been appointed under 
the expanded plan to study the processes involved in 
the weathering of plastics. They are Dr. William F. 
Brucksch of the U.S. Rubber Co., and Dr. Joseph F. 
Clark of the Grace Chemical Co. Their work at NBS 
is being sponsored by members of the Manufacturing 
Chemists’ Association. 

The purpose of this work is to develop improved 
methods for predicting the weathering of plastic com- 
positions under outdoor exposures. The research is 
complementing the efforts of the NBS building research 
laboratory where colorimetric techniques have been de- 3 
vised for measuring the accelerated degradation of 


Microfilm Research 


Donald R. Lehmbeck, a new Research Associate in the 
NBS photographic research laboratory, is sponsored 
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eft: Richard Zipin adjusts a laser used in making interfero- 
netric measurements of length. Center: Dale R. Nielsen works 
n the NBS cryogenic laboratory at Boulder, Colo. Here he is 
hecking instrumentation used in cavitation studies of low- 
emperature fueis. Right: Joseph F. Clark (top) on a labora- 


tory roof adjusts a pyroheliometer that detects solar radiation 
as William F. Brucksch (bottom) on the floor below examines 


1 recording of the radiation. 
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by the National Microfilm Association. Mr. Lehmbeck 
is investigating the structure of blemishes that some- 
times form on microfilm and the mechanism of their 
formation.‘ Techniques are being sought in this study 
to prevent blemish formation. 


Fire Protection 


Dr. John Rockett and Lawrence Orloff are two Re- 
search Associates recently appointed in the NBS fire 
research laboratory. They are the first appointments 
to a major program of basic fire research sponsored 
by the Factory Mutual System. They have begun a 
study of thermally induced convection in aroom. Other 
areas of study, concentrated on the early stages of the 
development of a fire, will be added as the program 
gains momentum. The results of this basic work will 
aid in the design of fire detection and suppression sys- 
tems for large structures such as factories and office 


buildings. 
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Additional Opportunities 


Many opportunities for Research Associate work are 
available at the Bureau. Some of the interesting areas 
in which such work has an immediate potential are: 
Analytical chemistry, including activation analysis and 
Mossbauer effects; crystal growth techniques for metals, 
ceramics, and poly mers; precision measurements of 
humidity, pressure, vacuum, nuclear, and particle ra- 
diation, and microwave pulse-voltage and power; de- 
termination of material properties in high-frequency 
electrical and magnetic fields; spectroscopy over the 
range from microwave through infrared up to X-ray 
frequencies; criteria development for the performance 
of engineering devices and systems; systems design for 
technical information dissemination; and standards de- 
velopment for computer languages and data processing 
systems. 
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Left: Donald R. Lehmbeck makes preliminary adjustments to 
a microtone recently installed in the NBS photographic re- 
search laboratory. The instrument is being used to develop 
techniques for sectioning microfilm specimens for subsequent 
electron microscope studies. Right: Lawrence Arloff (left) 
and John Rockett (right) discuss equipment recently installed 
in the NBS fire research laboratory. This equipment is used 
to obtain a better understanding of the behavior of flame 
inhibitors. 


Industrial or professional groups that are interested 
in sponsoring Research Associate work at the Bureau 
should get in touch with Mr. Robert L. Stern, National 
Bureau of Standards, Washington, D.C., 20234. 


*NBS studies problems of handling space fuels, NBS 
Tech. News Bull. 49, 191 (1965). 

“Laser provides accurate length measurements, ibid. 
49, 10 (1965). 

*For a brief treatment of this work, see Oxidation 
products of degraded plastics identified, ibid. 48, 83 
(1964), and Colorimetric determination of plastic degra- 
dation, ibid. 47, 64 (1963). 

‘Current research on preservation of archival records 
on silver-gelatin type microfilm in roll form, by C. S. 
McCamy and C. I. Pope, J. Research NBS 69A (Phys. 
and Chem.) 385 (1965). 
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OXYGEN 
CONTAMINATION 


on platinum surfaces 


@ The field-electron microscope is one of the 
most useful tools available to scientists for the study 
of clean surfaces. With this instrument, contaminants 
(such as oxide layers and other impurities which ad- 
here to all metals exposed to air) can be removed in 
vacuo by purely electrical means and the attainment of 
a perfectly clean surface can be verified visually. 

In the case of platinum, however, the presence of a 
tightly bound contaminant in the neighborhood of the 
{001} planes has been noticed by various experiment- 
ers and has hindered surface investigations. A recent 
study by Allan J. Melmed of the NBS Institute for Ma- 
terials Research has shown this contaminant to be 
oxygen (or oxide).' The results of this work, which 
was sponsored by the Advanced Research Projects 
Agency, will make possible more comprehensive field- 
electron mic roscope studies of clean, single-crystal 
platinum surfaces. 

The platinum field-emitter tips used in this experi- 
ment were made by spotwelding 0.002-in. diam. plati- 
num wires to platinum support loops. The wires were 
then electrolytically etched and polished in an aqueous 
solution of potassium cyanide or potassium chloride at 
room temperature. Of the tips that were made, some 
were spotwelded in a nitrogen atmosphere and some 
were spotwelded in air. 

A vacuum-processed field-electron emission micro- 
scope baked at about 420 °C was used in the investi- 
gation. The final ambient pressure of the system was 
less than 110°’ torr.2. The emitter tip was heated 
for several seconds at progressively higher tempera- 
tures and cooled to room temperature between heatings 
to make field-electron emission observations. 

At first the electron emission patterns were irregular, 
but after heating to 1100-1200 °C a regular pattern 
was obtained which appeared to represent the emission 
from a clean surface. However, heating to a higher 
temperature caused the appearance of bright rings or 
ring sections around the {001} planes. This contami- 
nation was called condition “A.” Further heating 
(above 1200 °C) produced a more extensive and com- 
plex bright structure around the {001} planes. This 
further degree of contamination was called condition 
— 

For the emitters spotwelded in nitrogen, the “B” con- 
dition could be changed to the “A” condition and then 
to a clean surface by heating to 1500-1600 °C for about 
| minute. Also, a return to the clean surface condi- 
tion from the “A” condition could be achieved by 
heating to about 1100 °C for a few minutes. For the 
emitters spotwelded in air, however, it was difficult or 
impossible to clean the tip in the time available (1-3 
hours) before excessive blunting occurred due to the 
heating. It was also found that if the emitter tip was 
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Field-electron micrograms of platinum. Study has shown 
(001) plane contamination to be oxygen or oxide. All patterns 
have (001) plane in the center. (A) Clean surface appearance 
after initial heating to 1100-1200 °C in vacuum. (B) Contami- 
nation condition “A”. (C) Contamination condition “B”. (D) 
Clean surface ajter heating to 1500-1600 °C in vacuum. 
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heated to about 1000 °C in air prior to installation in 
the field-electron microscope, the contamination could 
never be thermally removed. 

A clean surface emitter tip was then heated to 1000 °C 
in an atmosphere of ultrapure oxygen, diffused into the 

vacuum system through hot silver. In every case, con- 

dition “A” or “B” was produced depending on the 
amount of oxygen exposure. It was found that for 
small oxygen exposures the method of heating for one 
minute at 1500-1600 °C cleaned the surface but that 
for large exposures the tip could not be cleaned. 

It was concluded that the contamination on the {001} 
planes is due to tightly bound oxygen (or oxide) con- 
tained in solution in the bulk platinum. The difficulty 
in removing the oxygen increases with the amount dis- 
solved, and therefore in some cases, depending on the 
history of the emitter, it is impossible to achieve a clean 
tip surface. If too much oxygen (or oxide) has dif- 
fused into the platinum, the heat required to clean it 
is so great that the tip will blunt beyond use. 

Contaminated tips were heated in hydrogen and car- 
bon monoxide atmospheres in attempts to remove the 
contamination by chemical reduction. In both cases 
the surface contamination was reduced drastically, often 
completely, but it returned upon subsequent heating 
in vacuum. 

Experimentation indicated that oxygen contamina- 
tion might be removed completely by repeated reduc- 
tion, but a simpler procedure would be to avoid heat- 
ing the platinum in an oxidizing atmosphere, thus 
avoiding initial contamination. 

‘For further technical details, see, An interaction of 
oxvgen with platinum, by Allan J. Melmed, J. Appl. 
Phys. (in press). 

* 1 torr=1/760 standard atmosphere=133.322 newton 
meter, 





Oxygen 
contamination—Con. 


Allan Melmed prepares to photograph a 
field-electron. emission pattern which ap- 
pears on the powder screen of the field- 
emission tube (center in front of camera). 








Gamma-Ray and Neutron Reflection 


@ A technique for calculating the reflection 
of gamma rays or neutrons from a surface has been 
devised by C. Eisenhauer of the NBS Institute for Basic 
Standards.'' The calculation uses a simplified repre- 
sentation for the problem of a point source and a point 
detector located above a semi-infinite slab of reflecting 
material; the reflection is shown to be primarily de- 
pendent on a single variable, with only a slight depend- 
ence on a second variable. 

Reflected radiation is of concern in any radiation 
measurement situation. Floors, walls, adjacent equip- 
ment, and a variety of other objects act as reflectors of 
radiation, and laboratory measurements must be cor- 
rected for radiation scattered in this manner. Also, 
since radiation shields such as lead and concrete reflect 
as well as absorb, the accurate measurement of reflected 
radiation is of importance in designing equipment and 
in planning safety measures. 

Mr. Eisenhauer found that the main features of the 
reflected radiation problem are determined by the 
geometry of the source and the detector, and that this 
geometry can readily be evaluated by studying specular 
(mirror) reflection—the most common type of re- 
flection phenomenon. He studied the simple case of 
Lambert reflection * and concluded that once the geo- 
metric effects are determined the remaining behavior 
can be expressed by the cosine of the angle defined by 
specular reflection. 
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This analysis was then extended to include the re- 
flection of cobalt 60 gamma rays from concrete; it was 
found that such reflection can be expressed as primarily 
a function of the cosine of the specular angle, with only 
a secondary dependence on the ratio of the radiation 
detector height to the source height. This conclusion 
was shown to be reasonable by comparing the calcula- 
tion results with experiments and independent calcula- 
tions for a cobalt 60 source (1.17 and 1.33 Mev gamma 
rays) and a polonium-beryllium source (zero to 10 
Mev neutrons). 


‘For further technical details, see An image source 
technique for calculating reflection of gamma rays or 
neutrons, by C. Eisenhauer, Health Phys. J. 11, p. 1145 
(1965). 

* Lambert reflection obeys the Lambert Cosine Law, 
which states that the intensity from a surface element 
of a perfectly diffuse radiator is proportional to the 
cosine of the angle between the direction of emission 
and the normal to the surface. An element of the sur- 
face which obeys the law will appear equally bright when 
observed from any direction. 
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NEW MICROWAVE DISCHARGE 
CAVITIES 


®@ Two microwave discharge cavities that offer 
many advantages in atomic and molecular research have 
been developed by K. M. Evenson, H. P. Broida, and 
F. C. Fesenfeld* of the Bureau. These cavities were 
constructed and evaluated at the Boulder (Colo.) Lab- 
oratories of the U.S. Department of Commerce in work 
supported in part by the Advanced Research Projects 
Agency and the Office of Naval Research. The new 
cavities offer high efficiency and added convenience, 
producing high ionization with minimum heating, con- 
tamination, and electrical interference. 


Microwave Discharge Cavities 


Discharges in microwave cavities are useful as a 
means of excitation for studying gaseous electronics, 
producing light, and obtaining free radicals. The cav- 
ity consists essentially of an enclosure which contains 
the electric field in which a sample gas flows in a glass 
tube. The electromagnetic power applied to the cavity 
is increased until the sample gas becomes excited, a 
condition that is indicated by a glow emanating from 
the flowing gas. Many discharge cavities are powered 
by converted surplus military radars and some recent 


*Mr. Fesenfeld is a member of the staff of the Institute 
for Telecommunications Sciences and Aeronomy (for- 
merly the NBS Central Radio Propagation Laboratory) 
of the Department of Commerce’s Environmental Science 
Services Administration. 
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ones are powered by medical diathermy units which 
supply as much as 125 watts of power at 2450 MHz. 
The discharge cavities available to the scientist vary 
greatly in their versatility and usefulness in specific 
programs. Some types permit adjustment of both 
resonance frequency and coupling to the microwave 
power source. Cavities vary in the pressures at which 
they will operate (from less than 0.001 torr to nearly 
atmospheric pressure) and in their efficiency (as great 
as 99 percent). Equally important, some of the new 
types of cavities can be positioned around or removed 
from the discharge tube without parting the tube, which 
destroys the vacuum and introduces contaminants. 


New NBS Cavities 


Both cavities developed by NBS are fed microwave 
energy by coaxial cable and are capable of being 
“matched” to the microwave source—that is, adjusted 
for maximum coupling of energy. One “cavity” is 
actually a coaxial conductor matched by positioning 





Left: Kenneth Evenson adjusts a microwave discharge cavity 
to produce a glow in the helium flowing into the large tube at 
the bottom. A second cavity is in operation at the upper right; 
both are stimulated by a radio frequency of 2450 MHz. Right: 
The cavity is being tuned for maximum brightness at 2450-MHz 
excitation. The afterglow and ionization produced by excita- 
tion within the cavity are useful in laboratories. 
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New microwave discharge cavities can be opened to accept 
tubing carrying the discharge gas, without loss of vacuum or 


introduction of contaminants. The array of its parts shows the 
cap (A) and body (B) through which the tubing passes, 
tuning screw (C), coupling adjustment slider (D), coaxial 
connection for input radio-frequency energy (E), and a tube 
for the entrance of cooling air (F). 





a matching stub located on the coaxial connector. This 
“cavity” is not a resonant structure and hence is not 
restricted in use to a limited band of frequencies. It 
has worked well over a 1000-MHz band. Efficiency 
is particularly good at low sample pressures; reflection 
is less than 1 percent in helium at 0.1 torr. The dis- 
charge tube is placed in open-ended slots on opposite 
sides of the cavity, and the cavity is closed by a tight- 
fitting cap which covers the slots: When in use the 
discharge tube is cooled by pumping air into the cavity. 

The other cavity is resonated at about 2450 MHz 
by means of a tuning stub and matched to the source 
by a coupling slider. These are interacting adjust- 
ments which, if reset alternately, result in high efficiency 
over a wide frequency range. Care in making these 
adjustments ¢an result in reflection of as little as 1 
percent of the input power for a wide variety of sample 
gas pressures. This cavity, like the other, can be 
opened by a cap for insertion and removal of the glass 
tube carrying the sample gas. 


* Microwave discharge cavities operating at 2450 MHz, 
by K. M. Evenson, Rev. of Sci. Inst. 36, 294-298 (1965). 


Garstang Heads JILA 


®@ Professor Roy H. Garstang, an astrophys- 
icist on the faculty of the University of Colorado 
Department of Physics and Astrophysics and a 
fellow of the Joint Institute for Laboratory Astro- 
physics (JILA), has been elected chairman of the 
Institute effective January 1, 1966, retiring chairman 
Lewis M. Branscomb announced recently. 

The Institute is a joint undertaking of the University 
and the Bureau on the CU Boulder campus, devoted to 
research and graduate study in atomic physics, astro- 
physics, and related sciences. Leadership of the JILA 
is shared by its permanent senior staff, the fellows, who 
elect a chairman for a rotating two-year term. 

Branscomb also announced the election of the five- 
man executive committee of the fellows, which shares 
with the chairman responsibility for guiding the day-to- 
day affairs of JILA. In addition to the chairman, 
Garstang, and the chief of the NBS Laboratory Astro- 
physics Divina, Prof. Adjoint Branscomb, the com- 
mittee includes Dr. Stephen J. Smith, Dr. Richard N. 
Thomas, and Dr. John Hall. 

In announcing the election of Garstang to the chair- 
manship, Branscomb described him as a “dedicated 
teacher and a distinguished scientist whose research 
defined the meaning of the term ‘laboratory astro- 
physics.’” Garstang came to CU last year from the 
Mill Hill Observatory of the University of London, 
where he was assistant director. He has written many 
research papers in atomic spectroscopy as applied to 


astronomical studies. According to Branscomb, Gar- 
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stang’s work has been of great importance in the de- 
termination of cosmic abundance of the elements, the 
source of much of our knowledge of the probable origin 
of the universe. 

At CU Garstang also serves as chairman of the astro- 
physics committee of the Department of Physics and 
Astrophysics, in which astronomers in JILA and in the 
High Altitude Observatory of the National Center for 
Atmospheric Research (NCAR) are now brought to- 
gether to offer a single doctorate curriculum in 
astrophysics. 

As chairman of JILA, Garstang heads a faculty of 
24, of whom 10 are distinguished visiting fellows of 
JILA who come on one-year appointments from around 
the world. In addition 11 postdoctoral research as- 
sociates and 33 graduate students are working at JILA 
on a variety of theoretical and experimental studies in 
the astrophysical sciences. 

In JILA’s three and one-half years of existence, its 
staff members have published approximately 180 re- 
search papers, Branscomb said. In addition to their 
research, JILA faculty members carry their full share 
of classroom instruction, to which the NBS staff mem- 
bers of JILA have contributed 108 semester hours of 
teaching. The first doctorate awarded a graduate 
student in JILA was conferred last June. Two other 
students are expected to complete their doctorates next 
June. 

The Institute will occupy a new building on the CU 
campus, which is scheduled for completion in July 
1966. 
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RESISTANCE THERMOMETER 


PORTABLE CAPACITANCE 
STANDARD 


@ A portable 10-picofarad capacitance stand- 
ard that is both rugged and extremely stable has been 
developed at the Bureau by Robert D. Cutkosky and 
Lai H. Lee. Twelve such standards have been con- 
structed and are presently being used in comparisons 
of the Bureau’s calculable gage-block capacitor with 
other absolute standards. The portable standards 
simplify comparison of the accuracies of capacitance 
measurements at the Bureau with those of other na- 
tional laboratories." 

The capacitance value of the portable standards is 
assigned on the basis of the value of the NBS absolute 
capacitance standard.*_ Thus a comparison between 
one of the portable standards and an absolute standard 
maintained at another laboratory serves as a check on 
the accuracies of the capacitance element at both lab- 
oratories. In addition, the portable capacitance stand- 
ard is useful for calibrating working laboratory 
standards. 

The design of the portable capacitance standard is 
similar to that of a portable capacitor built at NBS 
in 1961.* The standard, however, is smaller, lighter, 
and more stable than the 1961 capacitor. The in- 
creased stability was achieved by improvement of the 
capacitance element and its mounting. 


Right: Cross section of NBS fused-silica-dielectric capacitor. 
Internal shields to isolate leads are not shown. Left: Assem- 
bled NBS 10-picofarad capacitance standard. This rugged, 
portable (26 cm high by 10 cm diameter) capacitor, simplifies 
comparison of the accuracies of capacitance measurements at 
the Bureau with those at other national laboratories. 
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A seven-month evaluation carried out at NBS on 
eleven of the twelve portable standards shortly after 
their completion (evaluation of these standards on a 
regular basis continues to the present time) showed 
that the order of stability of the standards, 1 part in 
10’, was considerably higher than that of the 1961 
capacitors. The twelfth standard was shipped by air 
express to the National Research Council in Canada; 
a capacitance change less than 2 parts in 10° was ob- 
served after shipment. Additional tests are planned 
to establish whether the capacitors can be sent safely 
by mail from one laboratory to another. 

The overall height of the standard is 26 cm. The 
capacitance element itself is 7-cm diameter and 1-cm 
thick. A stainless-steel vacuum-tight chamber, 10 cm 
in diameter and 7-cm high, houses the element in its 
cell. Wires from the electrodes of the element are 
protected 19 cm beyond the housing by stainless-steel 
tubes which terminate in coaxial fittings. (See 
illustration. ) 

The capacitance element is a fused-silica disk with 
silver electrodes fired to the two faces of the disk. The 
face electrodes are attached electrically to two coaxial 
connectors. A third silver electrode, fired onto the 
circumference of the disk, is grounded. The capaci- 
tance of interest is the three-terminal capacitance 
through the dielectric (the disk) between the face elec- 
trodes with the circumference electrode grounded. 

The disk of the capacitance element is made of a high- 
purity optical-grade fused silica to minimize the de- 
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To determine the stability of the new NBS portable capacitance 
standards relative to each other, each capacitor in turn is 
measured against one “dummy” capacitor (this capacitor is 
not one of the portable standards) by means of a bridge. Here, 
Lai H. Lee is making the connection from the junction block 
of the bridge to one of the standards. These standards are 
maintained in a 25° C constant temperature oil bath. 


pendence of capacitance on the frequency of the applied 
voltage. The thickness of the face electrodes is kept 
within a certain tolerance to minimize the dependence 
of the capacitance on the applied voltage. Finally, 
the assembled element is mounted in its cell in such a 
way as to practically eliminate the effect of mechanical 
shock on the capacitance. 

The cell which contains the capacitance element also 
contains a resistance thermometer. This built-in ther- 
mometer simplifies interlaboratory comparisons since 
the relation between capacitance and thermometer re- 
sistance is determined at the time the standard is com- 
pleted at NBS. Thus it is unnecessary for other lab- 
oratories to make precise temperature measurements 
in order to utilize these standards. 


Details of Construction 


The capacitance element was constructed by grind- 
ing the fused-silica disk to the desired dimensions and 
then firing three coats of a commercial silver paint 
at 480 °C onto the disk to form electrodes. The ele- 
ment was baked at 175 °C in a vacuum furnace for 24 
hours to remove water from the system and then in- 
stalled in its cell. 

A fitted polytetrafluoroethylene (PTFE) ring around 
the disk supported the element in its cell. Another 
PTFE ring (diameter smaller than that of the disk) 
was placed against each disk face so that the three 
rings fixed the element in the cell and cushioned it 
against the effect of mechanical shock. 
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After baking, the element was cooled to 25 °C, and 
at this temperature, was measured and adjusted to 
within 50 parts per million of nominal value (10 pF). 
This adjustment was made by grinding a cavity in the 
dielectric with a small diamond wheel. The cavity 
was then sprayed with silver paint and refired. Gen- 
erally, three successive operations were required to 
adjust a capacitor to within 50 ppm of nominal value. 

Alter the capacitor element had been properly ad- 
justed, the capacitor housing was welded shut. The 
completed capacitor was then evacuated through a seal- 
off tube and baked at 65 °C. (It was found that bak- 
ing removed water from the fused silica and greatly 
reduced the phase angle of the capacitor.) The ca- 
pacitor was filled with dry nitrogen, sealed, cycled be- 
tween 0 °C and 50 °C a few times, and placed into 
operation. 


‘For further details, see Improved ten-picofarad 
fused silica dielectric capacitor, by Robert D. Cutkosky 
and Lai H. Lee, J. Res. NBS 69C€ (Engineering and 
Instrumentation), No. 4 (July-August 1965). 

* Evaluation of the NBS unit of resistance based on a 
computable capacitor, by Robert D. Cutkosky, J. Res. 
VBS 65A (Phys. and Chem.), No. 3 (May-June 1961). 

‘The construction and behavior of a transportable 
ten-picofarad capacitor, by Robert D. Cutkosky and Lai 
H. Lee, to be published in Comité Consulatif D’Elec- 
tricité, Aupres Du “Comité International Des Poids et 
Vesures,” 10 Session 1963. 
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Periodicals 


‘echnical News Bulletin, Volume 50, No. 1, January 1966. 
15 cents. Annual subscription: $1.50, 75 cents additional 
for foreign mailing. Available on a 1-, 2-, or 3-year subscrip- 
tion basis. 

Journal of Research of the National Bureau of Standards Sec- 
tion A. Physics and Chemistry. Issued six times a year. 
Annual subscription: Domestic, $5; foreign, $6. Single copy, 
75 cents. 

Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. Single copy, 75 cents. 

Section C. Engineering and Instrumentation. Issued quarterly. 
Annual subscription: Domestic, $2.75; foreign, $3.50. Single 
copy. 75 cents. 


Current Issues of the Journal of Research 


J. Res. NBS 70B (Math. and Math. Phys.), No. 1, (Jan -Mar. 
1966). 

Invariant properties of the spheroidal potential of an oblate 
planet. J. P. Vinti. 

Inclusion of the third zonal harmonic in an accurate reference 
orbit of an artificial satellite. J. P. Vinti. 

On EPr and normal EPr matrices. I. J. Katz and M. H. Pearl. 

The Bernstein form of a polynomial. G. T. Cargo and 
QO. Shisha. 

Remarks on measurable sets and functions. R. O. Davies. 

The form factor for the Fermi model spatial distribution. L. C. 
Maximon and R. A. Schrack. 

Tables for the evaluation of the Faxén approximation to the 
solution of the Lamm equation, M. Dishon and G. H. Weiss. 


Other NBS Publications 


Safety rules for the installation and maintenance of electrical 
supply and communication lines, Supplement 1 to NBS 
Handbook 81 (Dec. 15, 1965). 

Standard Reference Materials: Analysis of uranium concen- 
trates at the National Bureau of Standards, M. S. Richmond, 
NBS Misc. Publ. 260-8 (Dec. 1, 1965), 55 cents. 

Standard Reference Materials: Homogeneity characterization 
of NBS spectrometric standard II: Cartridge brass and low- 
alloy steel, H. Yakowitz, D. L. Vieth, K. F. J. Heinrich, and 
R. E. Michaelis, NBS Misc. Publ. 260-10 (Dec. 14, 1965), 
30 cents. 

Accuracy in electrical and radio measurements and calibra- 
tions, 1965, Ed. R. C. Powell, NBS Tech. Note 262-A (June 
15, 1965) , 50 cents. 

Voltage ratio detector for millivolt signals, J. R. Houghton, 
NBS Tech. Note 266 (Dec. 13, 1965), 15 cents. 

Organic chemistry: Radioactive carbohydrates, sugars in solu- 
tion, aldol condensations, molecular structure, synthesis of 
selected compounds, air pollution studies, reference materials 
(organic), July 1964 to June 1965, Ed. H. S. Isbell, NBS 
Tech. Note 274 (Dec. 3. 1965), 60 cents. 

Flux averaging devices for the infrared, S. T. Dunn, NBS Tech. 
Note 279 (Dec. 9, 1965), 30 cents. 

\ method for obtaining the parameters of electron-density pro- 
files from topside ionograms, R. S. Lawrence and M. Hallen- 
beck, NBS Tech. Note 315 (Aug. 3, 1965), 25 cents. 

Numerical simulation of ionospheric wave interaction experi- 
ments, T. M. Georges, NBS Tech. Note 325 (Oct. 25, 1965), 
30 cents 
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Publications in Other Journals 


This column lists all publications by the NBS staff, as soon 
after issuance as practical. For completeness, earlier refer- 
ences not previously reported may be included from time to 
time. 


Chemistry 


Chemical structures as information—representations, transfor- 
mation, and calculations, S. J. Tauber, G. F. Fraction, and 
H. W. Hayward, Book, Colloquium on Technical Precondi- 
tions for Retrieval Center Operations, Philadelphia, Pa., 
Apr. 24-25, 1964, Ed. B. F. Cheydleur, pp. 73-101 (Spartan 
Books, Inc., Washington, D.C., 1965). 

Determination of hide substance in leather by the Kjeldahl 
method, S. Dahl, Book, The Chemistry and Technology of 
Leather IV, Ch. 52, 45-70 (Reinhold Publ. Corp., New York, 
N.Y., 1965). 

Determination of tellurium by cathode-ray polarography, E. J. 
Maienthal and J. K. Taylor, Anal. Chem. 37, No. 12, 1516 
1519 (Nov. 1965). 

Digital handling of chemical structures and associated infor- 
mation, S. J. Tauber, Proc. 20th Natl. Conf. Association for 
Computing Machinery, pp. 206-216 (1965). 

Electrodeposition of alloys, past, present, and future, A. Bren- 
ner, Plating 52, No. 12, 1249-1257 (Dec. 1965). 

Physical and mechanical properties of electrode-deposited cop- 
per. 1. Literature survey, V. A. Lamb and D. R. Valentine, 
Plating 52, No. 12, 1289-1311 (Dec. 1965). 

Some experience with the Hayward linear notation system, 
H. W. Hayward, H. M. S. Sneed, J. H. Turnipseed, and 
S. J. Tauber, J. Chem. Doc. 5, No. 3, 183-189 (Aug. 1965). 

The crystal and molecular structure of iodopentaborane-9, L. H. 
Hall, S. Block, and A. Perloff, Acta Cryst. 19, Pt. 4, 658-661 
(Oct. 1965). 

The use of visible and ultraviolet spectroscopy to identify car- 
bonyl compounds in photodegraded plastics, V. E. Grady and 
J. R. Wright, Polymer Engr. Sci. 5, No. 4, 284-290 (Oct. 
1965). 

Time-correlation functions and transport coefficients in statisti- 
cal mechanics, R. Zwanzig, Ann. Rev. Phys. Chem. 16, 67 
102 (1965). 


Engineering & Instrumentation 


A theoretical model for predicting thermal stratification and 
self pressurization of a fluid container, R. W. Arnett and 
D. R. Millhiser, Proc. Conf. Propellant Tank Pressurization 
and Stratification, Jan. 20-21, 1965, II, 1-16 (NASA, George 
C. Marshall Space Flight Center, Huntsville, Alabama, 1965). 

Calibration of peak A-C to D-C comparators, D. Flach and 
L. A. Marzetta, (ISA 20th Annual Conference and Exhibit. 
Los Angeles, Calif., Oct. 4-7, 1965), ISA Preprint 14. 
2-3-65 (1965). 

Cryogenics and space technology, R. B. Scott, Proc. XIth Intern. 
Congress of Refrigeration, Munich, Germany, 1963, pp. 105 
114, (Pergamon Press Inc., New York, N.Y., 1965). 

Evidence for an electrochemical-mechanical stress corrosion frac- 
ture in a stainless steel, H. L. Logan, M. J. McBee, and D. J. 
Kahan, Corrosion Sci. 5, 729-730 (1965). 

Preparation of copper crystals with low electrical resistivity. 
J. J. Gniewek and A. F. Clark, J. Appl. Phys. 36, No. 10, 
3358-3359 (Oct. 1965). 

The world of cryogenics. III. Cryogenics at the National Bu- 
reau of Standards Boulder Laboratories, B. W. Birmingham. 
Cryogenics 5, No. 3, 121-128 (June 1965). 
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OFFICIAL BUSINESS 


Mathematics 


AXLE: An axiomatic language for string transformations, 
K. Cohen and J. H. Wegstein, Commun. Assoc. Comptl. Mach. 
8, No. 11, 657-661 (Nov. 1965). 

Morphological classification in the National Bureau of Stand- 
ards mechanical translation system, L. F. Meyer, J. Assoc. 
Cryogenics 5, No. 3, 121-128 (June 1965). 


Metrology 


Cesium beam atomic time and frequency standards, R. E. 
Beehler, R. C. Mockler, and J. M. Richardson, Metrologia 
1, No. 3, 114-131 (July 1965). 

International weights and measures, C. H. Page, (ISA 20th 
Annual Conference and Exhibit, Los Angeles, Calif., Oct. 
4-7, 1965), ISA Preprint 33.3-1-65 (1965). 

Measurement standards, A. G. McNish, Intern. Sci. Tech., 
58-66 (Conover-Mast. Publ., New York, N.Y., Nov. 1965). 
Of time and the atom, G. E. Hudson, Phys. Today 18, No. 8, 

34-38 (Aug. 1965). 


Physics 


A new speculation of terrestrial helium loss, E. E. Ferguson, 
F. C. Fehsenfeld, and A. L. Schmeltekopf, Planet. Space Sci. 
13, 925-928 (1965). 

Breadth of decay quanta in gas lasers, J. A. White, J. Opt. Soc. 
Am. 55, No. 11, 1436-1442 (Nov. 1965). 

Classical diagram technique for calculating thermostatic prop- 
erties of solids; application to dielectric susceptibility of 
paraelectrics, R. M. Wilcox, Phys. Rev. 139, No. 4A, A128] 
A1291 (Aug. 16, 1965). 

Conformation of Polystyrene adsorbed at the ©-temperature, 
R. R. Stromberg, D. J. Tutas, and E. Passaglia, J. Phys. 
Chem. 69, No. 11, 3955-3963 (Nov. 1965). 

Critical-point phenomena, M. S. Green, Science 150, No. 3693, 
229-236 (Oct. 8, 1965). 

Density expansion of the viscosity of a moderately dense gas, 
J. V. Sengers, Phys. Rev. Letters 15, No. 12, 515-517 (Sept. 
20, 1965). 

Differences in the characteristic electron energy-loss spectra of 
solid and liquid bismuth, C. J. Powell, Phys. Rev. Letters 
15, No. 22, 852-854 (Nov. 29, 1965). 

Dipole moment of PC] F from the nonresonant microwave 
absorption of the vapor, A. A. Maryott and S. J. Kryder, 
J. Chem. Phys. 43, No. 7, 2556-2557 (Oct. 1, 1965). 


POSTAGE AND FEES PAID 
U.S. GOVERNMENT PRINTING OFFICE 


Infrared and microwave spectra of CICN, W. J. Lafferty, D. R. 
Lide and R. A. Toth, J. Chem. Phys. 43, No. 6, 2063-2070 
(Sept. 15, 1965). 

Investigation of the anomaly in the response of silicon semi- 
conductor radiation detectors at low temperatures, W. R. 
Dodge, S. R. Domen, A. T. Hirshfeld, and D. D. Hoppes, 
IEEE Trans. Nuclear Sci. NS—12, No. 1, 295-303 (1965). 

Ionization energies of the singly ionized rare earths, J. Sugar 
and J. Reader, J. Opt. Soc. Am. 55, No. 10, 1286-1290 
(Oct. 1965). 

Microwave spectrum and barrier to internal rotation in methy]- 
silylacetylene, W. H. Kirchhoff and D. R. Lide, Jr., J. Chem. 
Phys. 43, No. 7, 2203-2213 (Oct. 1, 1965). 

Modes of propagation in a bounded compressible plasma, J. R. 
Wait, Electronics Letters 1, 193-194 (Sept. 1965). 

Philosophical influences on radiation protection standards, L. S. 
Taylor, Health Phys. 11, 859-864 (1965). 

Precision refractometry of small lens-shaped objects, J. R. 
Meyer-Arendt, Lab. Invest. 13, No. 5, 529-532 (1965). 

Quantum statistics of fully ionized gases, W. T. Grandy and 
F. Mohling, Ann. Phys. 34, No. 3, 424464 (Oct. 1965). 

Resonance in the light scattered from a plasma, J. Weinstock, 
Physics Letters 18, No. 1, 21-22 (Aug. 1, 1965). 

The direction of the force on a dislocation and the sign of the 
Burgers vector, R. DeWit, Acta Met. 13, No. 11, 1210-1211 
(1965). 

Ultrasonic determination of crystalline resonances and sound 
velocities, using NMR techniques, R. J. Mahler, and W. H. 
Tanttila, J. Acoust. Soc. Am. 38, No. 3, 429-432 (Sept. 
1965). 


Radio Science 


Another method of synthesizing nonuniformly spaced arrays, 
M. T. Ma, IEEE Trans. Ant. Prop. AP=13, No. 5, 833-834 
(Sept. 1965). 

On the relation between auroral radio absorption and very low 
frequency emissions, W. L. Ecklund, J. K. Hargreaves, and 
J. H. Pope, J. Geophys. Res. 70, No. 17, 4285-4292 (Sept. 1, 
1965). 

The effect of ion-drag on the neutral air in the ionospheric 
F-region, H. Rishbeth and L. R. Megill, Ann. Geophys. 21, 
No. 2, 235-244 (Apr.—_June 1965). 


Publications for which a price is indicated are available by 
purchase from the Superintendent of Documents, U.S. Gov- 
ernment Printing Office, Washington, D.C., 20402 (foreign 


postage, one-fourth additional). Reprints from outside jour- 
nals and the NBS Journal of Research may often be obtained 
directly from the authors. 
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